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. The characterization of the phases by optical microscopy [3] [4] [5] [6] and X-ray investigation [3] [4] [5] 7] showed that some of these compounds have smectic B and smectic A phases. The refractive indices and densities of the same compounds were reported elsewhere [3] [4] [5] 8] . In this work we report measurements on the diamagnetic susceptibility of eight compounds of 4,4'-disubstituted biphenyl cyclohexanes
The liquid crystalline phases are characterized by long-range orientational ordering, which is defined as where 0 is the angle between the long molecular axis and the optical axis (director). They have macroscopic anisotropies in magnetic or in electric fields. Therefore, information about the degree of orientational order can be obtained from diamagnetic susceptibility, electric permittivity and refractive index measurements. The various methods which can be used to determine the degree of orientational order (order parameter S) have been described [9] .
It can be shown that [9] where X' and xt are the molar susceptibilities parallel and perpendicular to the director, and xM and xt are the longitudinal and transverse molar susceptibilities.
In general (2) is applied for the uniaxial nematic phase. We will apply this equation also for the uniaxial smectic phases, in our case the smectic B (SB) and the smectic A (S,,) phases. were determined by cooling the samples. (N-S,,) .
Comparison of the molar susceptibility anisotropies of BCH7CN, 4-n-heptyl-4'-cyanobiphenyl (CB-7), trans -4 -n -heptyl -(4' -cyanophenyl) -cyclohexane (PCH-7) and trans, trans-4-n-heptyl-4'-cyanobicyclohexane (CCH-7) (see Fig. 2) shows that a replacement of a phenyl group decreases åXM markedly. For CB-7, PCH-7 and CCH-7 we used the volume susceptibility data of Schad et al. [12] and the density data of Ibrahim et ale [13] . Assuming that the contributions of the cyclohexyl and alkyl groups to the molar susceptibility anisotropy are negligible, the contribution of the phenyl group (17.7 ± 0.5 x 10 -6 cm3/mol) is deduced by comparing xM of CB-7, PCH-7 and CCH-7 in the nematic phase at r = 0.976 0. Also we can conclude that where M is the molecular weight 4 . Determination of the molecular diamagnetic susceptibility anisotropy.
The diamagnetic susceptibility anisotropy (xl' -xt) of a perfectly ordered uniaxial liquid crystalline phase must be known to determine the order parameter.
Because there is no single crystal magnetic data for the studied compounds, we shall discuss in the following some possibilities to determine xt-xt :
a) The diamagnetic susceptibility anisotropy can be calculated by an additive scheme as the sum of the anisotropy contributions of the different atoms or groups with known molecular geometry.
The configuration of the molecule is shown in figure 3 . The long molecular axis is considered to be along the line joining the outer paracarbon atoms of the benzene-benzene rings. This model is based on the single crystal X-ray data [7] . The [14] [15] [16] . The accuracy of the xt -xt values calculated from the additive scheme was estimated to be about 5 % [17] . b) The plot of log (S(Xr -Xm)) vs. log (T -T)
shows a linear relation in the nematic phase. But there is a deviation from linearity near the clearing point. Therefore the extrapolation method was proposed for the determination of Xm -Xm [18] . According to equation 2, the order parameters are calculated using the additive scheme values for the molecular susceptibility anisotropies (Table II) . These values for S, in the nematic and smectic phases, are shown in figure 4 as a function of a reduced temperature (i = TITNI). The broken lines in figure 4 are the theoretical order parameters obtained from MaierSaupe (MS) theory [19] . The differences between order parameters of the compounds studied which have the same chemical framework are attributed to the influence of the terminal substituents.
The order parameter increases discontinuously at the N-SB phase transition for the compounds BCH50, BCH52 and BCH54 which have small permanent dipole moments (see Fig. 4 ). This indicates a first order phase transition. Figure 4 shows that the order parameter increases continuously at the N-SA phase transition. This is in agreement with the McMillan [20] Comparison of the S-curves in the nematic phase for compounds RCH52 and BCH54 and compounds BCH5CN and BCH7CN, respectively, shows that the order parameter in the same homologous series decreases with increasing the chain length. These curves show also that the temperature dependence of the order parameter, in the same homologous series, becomes greater with increasing the chain length.
This confirms the results of Ibrahim [17] . The order parameters of the smectic phases show smaller temperature dependence than those of the nematic phases. By comparing the order parameters of BCH5CN, BCH7CN, CB-5 [21] and CB-7 [21] we conclude that the adding of cyclohexyl group decreases the order parameter. On the other hand, the adding of a phenyl group increases the order parameter. This is concluded from comparing the order parameters of BCH7CN and PCH-7 [13] . It was mentioned that a replacement of a phenyl group by a cyclohexyl group decreases the order parameter markedly [13] . For the halogen compounds, the order parameter increases in the sequence F, Cl, Br as the packing density increases in the same sequence [3] [4] [5] 8] .
